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^1^1 <£^S- *%7W$-8: (a) ^-§-#£-21 ^ ^ 71*1*1 5£^- 

*}^r PPG 3f^-ulEil- ^SKr ^Tfl, (b) ^^*>J1^> is}±r fc^S^ «>-§-*Rr 

33 #$1*1 <M*Hr #31, £ ( C ) #7) (a) #3HH 3 3^ PPG sH*MeH e 

7l*H, #7l PPG #cfofl 4^ #71 Efl^esq- ^-71 e§ s ^-si 

-g*l*H -S-el^*l*H i^tb tl^i-I- oi-g-^ o]^o| o>^ £1 _ ^7>^ 

£ 5 
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^1 

-g-^nfls).^. ol-g-^V o]^)l oj^s. ^7]-« 0 >^ «J #*UMethod and apparatus for 
evaluating human stress using PPG} 

S. PPG 3)3.1} #3* ^*Rr zieflH, 

S. 2a 31 £ 2b^ PPG ^]JL<>1H 7]z\*\ ^S>fe ziefl^, 

£ 3a ^ £ 3dtt ^^l^r iMefl^l ppG^ ^Sj-* 1+1^ nsfll, 
£ 4fe £ £ 3a ^ £ 3b°fl £^1^ ppg* l*f n] «-*V aeflS, 

— , 

£ 7a 55 £ 7trb £ 5°fl 5U°H ppg zl]o}&\ S^^^IM Af-g-s)^ ppg #^^1 

£ 8a 5? £ 8b^ £ 7a ^ S. 7b<Hl ppg ^-§- -g^Vfe £ 
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.£ ll£- ^Sl' <a<^HHl oj-^. -g-a)4|sHt ol-g.^- o|^l o>^s. 3g 7 >^l^ ^P- 

<$MI$ -Ml 

<12> .g. o]^ o>^ £ !§7>ofl -2-5-4, -g-^nflsrj. 

(PhotoPlethysmoGraphy, ^1^> PPG^ ^1r)# °l-§-*H z)^*}^ ileili ^ 
51* J87>*>71 ^ ^ ^olcf. 

<i3> ^JL*1^ £°H4*r PPG-1- °l-g-*H ^H^l^l ^€ 

^^i4, ^^-o] ^le^xE ^ ^£ f-^ t^ot-^^^ tpg=$ Al£7 |. ^l^s] 

<>1 #4. PPG?]- #€-2.3. ^l^laj m.^ *-<f\o\) 5j.^ ^ o. 

^ 54 %2] ^^S.Mr PPG» oj-g-^ 7l#** #^iL^, 

<w> ofl* l-c^, USP 5830131^0114^ sfe^-D] oil ^t!: 3*3 ^1^ 

(calibration signal)* ^l^Kt-^- $±x}4\ ^3 el -#Efl (physiological 

condition)* ^ SZfe 2-4^1- 7fl4^:4. ^Hfe %ofl^e|.nlE^ 

(hemoparameter)^4 ^ , , ^^^^1 -g-^J , ll^^sl $1*1 -g-sj- £ 

o) sl-el-o] e-ll-i- ol-g-^Ji, PPG 4^ ^4 ^)El*H 
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42**1 3 *> ###*||* ^*}7) S^Wt °1« *«H *^«*9:4 

fH§. ^Ml, 34^5., ^eH^C compliance) ^^4. 

USP 6340346Sofl^^ °J^S.^-E^ ECG, BP, P0 2 , PC0 2 , 1^ *-§-(PPG°l] sfl^), 
ll-n- ^rS., "1^ (blood volume), <14&( thermal index), ^^-(respiration) 
^SJ-jl, o]s.o^ ^4^. e/HS. wj-^-^l^li 3. <i (Box-Jenkins model) *H efl4 
3] ^Efll- ^*fl 1 ^ SiUr «o V ^^r 7flAl^cf. USP 61 17075 J^H^ ^#a] 4 
^4^1 ^*fl £7)-^ PPG ^ SKKSKin Temperature) HH^* ^4^, o} 
1- ^^^^ tfl<*j 0.5L ^, ^ ^^l^iEoll cfl4°4 £-^44 <y^l 

o]5L o)#°\ A^)X\^ ^-715. «H Sl*fl4 i^Efli, 3fl3# ^-£* ^7}S}JL 

^H4^ ECG, EEG, EMG, PPG, GSR, SKT ^ cfoj:^. ^sflAl jr-g. ^ -£^*>4. 

0 ^^-^-^^7fl^S 2000-11661451^ ^-^oil Tjl^-g- £rJ£^ 

*14 ^1-^ ^4^ *d^\ LED i£ H^l^Ei <2l tifl<i^ ^wl^jL, 

^-¥-^^01^1- ?!1*§MM CPUS. ^^a.^ ^7*4^ «j- 

^4 7flAl^-4. ^fr, °^^-^-^^-7fl«d^ 1997-294724^ <H}Aife 3<2}a} £5.^ 

°l-g-^H ^^7}-^ ^9] ^7>-f- t 7 j^H ^J=elli 

M*^. ZL ^ 434<M = A]^^ 7flA]tl : 4. 
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°SL *3 XH17> 3t)^^Hl^l Q^SLS. ^-g-^ iELTfl ^l^SlJl ol 

Cf. 2^, PPG# ^71 ^ ^7V^S^-Ei ^^o] oI^^jl ol o.o S ^ 7 >^- 

°fl^ 711 ^o] OT°]>4 7lE} ^7}^ ^^^11- PC ^ 

<19> °l^-^> ^ 7l#^ ^1^ ^-^nflB^ppG)^ tffl^^o^ ^S. 

, 7l^^l ^ ^w^l ^7l*H iH^Rr PPG^l 3)3.1} ?13(Peak to Peak 

Interval)^ ^o]^. o] -g-^V°i iSefl^ ^SL ^, ^JE* ^7>s}-7l ^ 

<20> ^-71 7l#^ si- t^II- iH3*}7l ^ -§-^^4* 

5- ^7>«v^^ (a) 31 7_V^ £ 7l^^l ^av^^- i^>^ ppg 

4-2**1^-1- 3 ^ cfTll; (b) #^*)-uL*> ^ ^^£-3)- al-g-^ ^q. o] 

SHJ-O} ^tfltfaflofl S a>*}:el, ^-71 ^cfl^-sfl^fEi PPG {]it ^ 

^*Hr #31; ^ ( c ) #71 (a) #7lHAi ppg hJ-eH&M 

e7|*H , #7i ppG A]1S] ^^^7_>ol #i=H) ofe}-^ #7l Elites}- #7) eII^e^ w. 
el^Al^o^ ^-^^A^l-al Si^^V ae E ]]a o}-g.sV^ °]^1°) o_^£| ^ 7>5>^ 
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<2i> #7l (c) #31^ #7) #7lEfl^Eo] ^o. (cl) # 7] ^^Al^Vofl tfl*M #7l 

^L^SSM: ^-SRr ^Tfl; ( C 2) #71 3^*1 *H| t^H #71 7]*\# 
*j33" #71 "Jj-S^sl ^^Sbg- WlJH^ ^1; g ( c3 ) #71 ( C 2) #7iHHsl 
«1S^3|., #71 7l7^ £#^33- #71 ^l^^^Sl &7\M #tH 

3^ iJ=e]l^ ol^if ##*Rr ^r^l* i^Hir ?H yVe^^t}. 
<22> #71 (c) l&Tflfe- ^7l?fliE^l 7j-f (cl) #7l tfl*M # 7 1 SjflTV ?V 

33 38 #31; ( C 2) #71 ^^AiTivflsl #*ll 3=3.71 tJ-z^ tflsn, 

#7l 2} £171 7i^3 ^&J£tl- ^ 337> 7>^S1 #71 5XJ H7V TV^S} sg-£-&J± 

i=f €• si 37V 7i33 Tfl^Kr <=Vt11; ( c 3) #7l 337V tV^js] ^-^iLcf ^ a} 

37_V 7133 #71 337_V 7_>^2l ^^^cf #^ ^^.Ti Tl^o} -o} ^ofl n}^ 

H #cfl^«?l ^Sefl^ ^l^^l- ##*}fe ^7111- if^Kr ?H «>^s>cV. *V^, # 

71 (c) #7^ #7lEfl>iEOl ^ o. (cl) ^. 7] A^AlTVofl tfl*M gdty cfl 

*H #71 337± 7i^# ^1; ( C 2) #71 7i*fl 3=L?> Ti^Hl tfl*H ^ £ 

3S 4^ cflolE-l^ 3#*Rr #711; (c3) #71 c-flolE-l^lE^ ^ofl 

eH i^3 -f-T^l^ol yj-^ o. ^Al^ ^1; ^ ( C 4) #71 (c3) #7113 ^a!^4 

3^ p &3 37H1 4eV^ "£1*11 3 iie ##3Vtt #741-1- i^f^ ^oi 

<23> #71 (c) #7^ ^7lEH^EO] ^ o. (cl) ^^Al^_Hl tfl^H #7l ^#3"3 

^1^^^^* #74}; (C2) #71 ^AlTKflol ^#£-3 7i^-g-&3 + 

°\] tflsH, #71 "J^-g-3 Tji^^&iL^ *j-o. 7_l^-^3 ^3 #71 ^#^£-3 
7j#^-£&J£4 3. ^l^^^sl ^# Tfl^Hr #31; (c3) #71 ^*^«-3 ^-^-g- 
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&1L^ €■ ^^Jg-SSts] ^ #7} ^^-g-^ ^#jg^^cf ^°1 
#7lH aJ-sH tftfl^o] AEjili o]^]i# #7fl-I- Sf-sRr ^o) H >^-Z]s>cf. 

(c) #7fl-& ^-7lEfl^EOl ^ O. (cl) ^^Al^lofl tfl*M g 

^<Hl tfl«H ^"71 Hfl^^-o) ^jaA #711; (c2) #7) £*ll ^-g^^ *1^H1 

±^ #^5. ^ c-11olE^# ^*Rr #7fl; (C3) ^71 *§^€ HHBHl 

EO) ^ofl 4^ i^Sl ^-711^^1 ^l*Rr #31; 51 (c4) <#7] ( C 3) #711^1 ^ 

^114 £#£l^ p ^^1 37H1 tcfSl-^ ol^l^ ae E ||a ^V#S>^ #7111- if" 

<24> ^-71 71 #^ ^1» ^*>7l ^<H1 <4^ -g-^nflsj.^. ol-g-^. o]*|| #^ 

£ ^7>^1^ ^f;}5ix} ^ al-g-SKr aj^s. °1^ b^s) ^ 

^tfl^H 2:A>S}JL, ^-71 ^tfl^liM^ PPG ±$°\ #^Al#^# ^<5> 

PPG ^*Kr PPG ^-71 PPG ^^SJfEi ^slfe PPG ^IJl-I- 

*V 31^3. cl~g- 3gEi^H *fl7i*Rr ^ €3^; ^ 

3-3-, 3q^# #^ ^ 7l7^ £-^^1- SL^Hr PPG 4^1^» ^^*>^1, ^ 

£l€ PPG sJ-eH^l eTl^H, ^ i^^S^ ^l^sl^ ^-71 PPG ^JJL£l *3 

*1#^1 ##<H1 ttj-eH ^7l Efl^esq. c^7l e|ae S ^-el^Ai^ 3^3- ii^A o]on 

^» °l-g-*H o]^2) #^£» ^ 7>S>^ ^IS^el-^-* if-W. 

<25> olg> f %^}<^ ^S] w>^tb <y^HH tn*H a o v^|^i ^ 
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<26> PPG^fe I^M^l ^^^^sq- ^#6\) tfltb ^$-7} ^^3-, 

<« #<H, ^*ti 3^ ^J^K Heart Rate, HR)^ z}^ 

^£7} t^TlM- ^^o] ^7 r £M. ^^^o] %VAl£}^ ^ ^#7l^-§- #*U1 *1 
nf. aJuv^ Ai^-ol 1^-^.Hl ^*>^ BPMCbeat per minute)°.S. 3.*) 

3# ^o]s] ^ -f 60 ^ 90 BpM ^ £ o]i^. aIwV^ o.^ > ^a]^o] 
, ^-^o] ol^- nfl f7}5}o] ^AHl ^tr^. 51^^^ *«ol ^l^S]^ 

^«Hr^ #7>S PPG^ 3l3L^V (Peak-to-Peak Interval )°1 

<27> tr^, PPG^^i 7}z\sd Ir^tr ^31^1 °>7l 7i ^3* r 7> ^ 

Q) £2}.* #3^iL^, M^Hfe -f^*^ ^*\S)o] AjyV- 7 }. ^7}Z}51, JlAI 

°lH^r 4]al-^ 7 ]. ^^-o.^ ppGS] 71 7^ £^ofl ^*Hr><*| ^3^V #3 ^a] 

<28> £ l£r PPGo)]^ ^A^sj. H)a.7i Ti^-g- ^tg^l ^ ZL 

#(ll)ole} <5>ji, oi^tr 2U^*> Tie}* 2] 3^1- #3(13)°le* *Vc|-. 

<29> 5E 2a ^ -£ 2t>T7 PPG AlJlollA^ 717-1 A] -g-Aj-tt^-g. A^^ ZL2fl^SAi , 7)7^ 

^-^^r *t^€ #31 HH^l cfl^ 7\^ ^J1^^4 7 r # ^-g: aJ- 
S.Ai l4Ef\+4. 717-1^ ^^^^ PPG^l 717-lAl t^^A^ ti^- tiV^^^, £ 2a*11 £Al^ 
ti>S+ ^-o] Jr^ol 7 ]A ^ft-gro] ^^*f^ 3*2] 7l7-]Ai ^-^^(21)^ 
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£ 2b°fl 44 &>] i|<>li| *HJ7> ^-f4 7l^^1 ^-^^(23)^14 4 

-S- 3* ^ &4. ^4^4 *MI4 <LMm 3-f4 7l^^d 4 

3- tt^tl 3^.2.3. 44tf* 4 D 1 

<30> £ 3a ^ .£ 3b^ 44 iS. 31^*14 PPG^ ^5j-# 44hii nafl=3.*l f 

44 71^^ £-^4(33)^r *H34^ 71*] a] ^aV^^] (37)^.4 €- 53* <k v ^ &4. 

<31> £ 4 ^ njjjg.^ «.o} ^l^-^5}-# # 4 ^Hl^ a]iil^>7l Z)- ^-foj ppQofl cfl 

*M 1*> 4£-* 41* 4^-fr 5=4 * ^O.S^, 1*} PPG 4 ^^^* ^ 

<32> cf^-, h 4°fl 5=4€ ti}-<2}- £o) ^E e fl^Al<2j- o>^a)o^ z| ^^-<H1 4* PPG^) ^-f- 

^&(AC meanH -fr^tb iL°lfe4 ^^\?\ 4*H 5 

^4 3)^4-1- tfl^-o.^. «>4 -M^^r ^44^4. <«, PPG ^r^* 4«r n ^ 

^4^ Vo l 500 - 1000 nm >3£N ^4*Kr ^-^tb 4^?H4 sj-^ ^^-Jl, o]^. z[yj- 
AC1, AC2, AC3, AC4, AC55. ^44534. ^4:z f 4^7ti4 sj-^ofl 44°} PPG HHeI-I- 

efl^i ^-Eflsf o_v^ ^-Eflofl o}- - cflolE-lojl cfltb 4-§- t ^^(paired t-test)# 

^4£<>-4, =l ^4^ S. 14 44Vf 44 ^4. 

<33> 
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IS. 1] 







^iJ^|^a| (stress) 


<L^|( r esting; j p & | 






AC mean 


AC sd 


AC mean 


j AC sd 




cfl^"#l-l 


AC1 


134.77 


12.28 


144.21 


13.00 


0.005 


AC2 


90.87 


10.79 


96.59 


7.57 


0.026 


AC3 


132 . 79 


17.03 


138.82 


10.05 


0.071 




AC4 


127.44 
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l 133.26 


7.32 


0.034 
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130 . 33 


13.54 


138.95 


10.60 


0.013 
















tfl##l-2 


AC1 
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15.23 


150.34 


12.95 


0.000 


AC2 


86.37 


16.10 


90.63 


9.18 


0.175 


AC3 


120.11 


15.68 


140.79 


11.52 


0.000 




AC4 


112.87 


14.43 


138.97 


11.59 


0.000 | 
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119.08 


17.18 


134.24 


11.41 


0.000 
















cfl^#l-3 


AC1 


139.44 


16. 15 


153.51 


14.03 


0.001 


AC2 
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11.37 
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11.05 


0.046 j 


AC3 


131.61 


15.44 


142.15 


14.00 


0.007 




AC4 


130.27 


13.80 


138.39 


13.17 


0.025 




ACS 


125.54 


15.64 


135.68 


14.03 


0.015 
















cfl^-#2-l 


AC1 


178 . 29 


13.10 


198.26 


15.97 


0.000 


AC2 


117.74 


12.52 


133.43 


11.39 


0.000 


AC3 


178.06 


12.22 


200.23 


16.23 


0.000 




AC4 


164.23 


10.97 


183.40 


12.21 


0.000 




ACS 


170.83 


12.09 


193.03 


13.68 


0.000 
















cfl^-#2-2 


API 


198.32 


I 14 - 18 


210.62 


10.44 


0.000 


AC2 


135.21 


11.01 


140.71 


7.61 


0.019 


AC3 


200.35 


14.59 


207.94 


14.29 


0.044 ) 




AC4 


186.15 


13.99 


191.62 


11.97 


0.101 | 




AC5 


189.65 


12.92 


196.71 


10.13 


0.022 
















cfl^-#2-3 


AC1 


198.50 


12.95 


216.38 


12.56 


0.000 


AC2 


135.21 


9.78 


145.41 


8.17 


0.000 


AC3 


199.41 


11.91 


215.12 


13.34 


0.000 




AC4 i 


183.85 


10.91 


193.00 


13.29 


0.003 




ACS 


187.68 


10.63 


198.74 


12.23 


0.000 
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9/1 C QQ 

Z4b . oy 


1 c: or\ 
lo . ZU 


OCO Q9 

Zbz . yo 


1 Cl 11 

10 . / / 


A AAc: 
U . UUO 


AP— 9 
Al o 


4UD .41 


90 C9 
ZU . DZ 


/10ft 1Q 

4Zo . iy 


OA QR 

Z4 . yo 


n nnt^ 

U . UUO 




AP-/1 
AL 4 


AAC\ 1 
44U . 10 


1 ft £1 
lo . Dl 


A ca Q1 

4oy . 0 1 


91 7fl 

Z 1 . I u 


n nn^ 
u . UUO 




AP_ ^ 
AL/ D 


oyu . /U 


9n 

ZU . 00 


a 1 n 7ft 

41U . 10 


9/4 9/1 
Z4 . Z4 


n m 9 
U . U1Z 
















Ml^ffFO Z 


AP-1 

AL. 1 


404 . U4 


17 in 
1 1 . 1U 


g;i 9 fift 
010 . Do 


1 A fiQ 

14 . Dy 


n nnn 
u . uuu 


AP— 9 
AL £ 


9Cn 

ZDU . DO 


1 C Q9 

lb . oo 


OQA QC 

zyu . ob 


1 A QQ 

14 . ©y 


n nnA 1 
U . UUU 


nL O 


A9ft ^0 

Hr^rO . OU 


17 

± / . uo 


4^1 71 
**o 1 . / 1 


1ft A~\ 
10 . *± 1 


n nnn 
u . uuu 




AC-4 


462.32 


14.71 


486.79 


15.95 


0.000 




AC-5 


414.18 


16.22 


434.07 


13.09 


0.000 


















AC-1 


417.52 


34.39 


468.62 


24.36 


0.000 


AC-2 


222.72 


20.10 


263.38 


18.11 


0.000 


AC-3 


366.83 


28.67 


414.86 


20.27 


0.000 




AC-4 


395.03 


32.38 


443.62 


21.24 


0.000 




AC-5 


365.38 


27.06 


405.90 


16.92 


0.000 



<35> 



<36> 



12^^ PPG^l ^-ej-niE^ s)^^>o] ^Eefl^VEfl ^ o> 

^^Bfl^l ^rtb ^r^l» 
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<37> [S. 2] 



PPG 4^ d |eH 










i 


1 


f 


— Si.W 

1 aigqnfl 1 


1 


1 


1 



^*Rr * #5LS^ , 3^*13 ^#31(51 PPG cJMbI ^^1(53 #31), €3 

^#31(55 #7fl), ^#31(57 #31) £ ^i-t^H #31(59 #3l)JL ol^o^ cf. 
<39> ^ 5-i- ^H?}^, 51 #3HHtt':£ 6<^1 w>sq- £o] ,& t^oflAi 3-g-s)fe 

PPG ^^tb^f. £ 6-ir tis}^ , ^#(61)^: ^ €^ 

34 3 ^3 3 33 th}. ^1^(61)4 

& ¥S ±^2) #$H*HH3 #31 «^4H 

^-f-'S^ ^ ^» 'Small AC Count's)- ^^)*>JL, #31 

^■§■^€•3 t^I cfltb 'Small AC Count' 3 all- 'Small AC Count %' S. th9 , 

lOO^l^i 'Small AC Count %'«- H 'Large AC Count %"3. ^£)th}. 

<40> cf^. f i«i^fl 3q^L^v ^(PPI(i), 63)£r i«I*l| ^Ji^(P(i))4 ^I^tb (i+D^l^ 

^ZL^(P(i + l)) #2) Aj^^O.^. ^ o| , i^*fl ^Jl^(P(i))^ C-flolE^ 
(i + l)*]*f| ^^^(pti + l))^ 3)0^ ^>JL, ZL M 

*H A^o] gj-o.^ ^-trCf. o)|« S.<H p(i)o] cflolEi <?1*]^7} iCn)^^, p(i+l)2] C-fl 

olE| <y^7> i(n+k)ol^, o] nflo] ppi(i)^ Cf-g- 12]- £o] uJ-eH ^ olcf. 

<41> :] 

<42> PPI (i) = [ i( n+k ) - i(n ) ] X A«^^ eflolH 
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*\ 3.1} #3(63)4 *\3.1} ^ i^fil iar$H*HM3 ^^11 

3)3.1} ^Atf #3<>} ^oflA| i]^^ ^^sn} 

^1- -Fast PPI Counts ^^*>J1, #31 3)3-1} #3<*) ^ofl cfltl: 
'Fast PPI Count '^ 'Fast PPI Count %' S. ^^tb 1 ^. tb^ , 100°1H 'Fast PPI 

Count %'# "ffl ti-jr 'Slow PPI Count %'S 

7^ ^^(65)^ ^a]^ g*q ppg cflolE^ ^ZL^ # s| 

^^^(Pmax)4 £U3(P m i n )* ^*U, ZL *H S 

CfAl £ 55. #o>7H, 53 ^HM^ c+ ^ A] o_ Aj^^-jr, 

PPG cflojEil- ^^*Vcf . 0)1- £ 7a £ 7b°fl £a]£ «!- a}- ^ PPG 

-£ 7a^ PPG 3-2.3*1 , «-#di*K71)* 

^wltb ^#-¥-(72)4 ^3 ^^^1(73)1- 3#*Rr ^^^(74)1- ^«1*V 

^#^(75)3- ol^o^^l^ , ^«. (72 )sq. ^^-«.(75 )7 ]. ^s^ojsl ^3. ^^Tr 1 c ' 4 

^Cf. £ 7b^T *}*}*§ PPG SAltb %Q^r M}- 

^-^}(76) ^ *3 ^^-^(73)^Ei tiVA>^ 3#*Rr ^r^-^K77)# ^-til*V 

^/^r^(78)S. ol-f-o^lu), ^/^^(78)sq- ^ cU^j ^l^cfl(79)7} ^^^S. 
Q^^L '<='4 ^Efll- 3H=4. 51 7a ^ 51 7b°fl ppg ^^^l(8i)^ £8 a£ 

£ 8b°fl £A]^ ti}<4 ^-ol o]^]o) cv)^ «.o 1) ^ 91(83), ^7>^(85) SE^r 

43" ^IHS. A)--g-^ ^ Ojcf. 
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<47> 2f, 53 #7^ ^-71 * PPG #^^1(81)1- olftH S!*H3 ^tfl#Sj)(73W ^ 

^«8^cf. °H 1^-^(72, 78 HH A}-g-*Rf n 2j-^V ^-g-S 

<Hl ^ 4^ tfl^, 3]* 1-^ 500nm ~ lOOOnm * ^>-§-^ ^ aa-°-^ , c*<y s^J- 

Sfe ^7fl m-^-o.^ ^ ojcf. cflolEi Afl-^ ^s^r^r PPG^l ^s}- 

<48> cfA] £ 5S fo} 7 H, 55 #7lHHir ^-71 53 #3HH PPG ji^ 

4 ±o]zl% *\}7]f>}7} ifl*H ^r^W. °H, 10 Hz^ 

(cut-off) ^sHr# £fe ^-f-^HM* ^7fl*M 3-8-^ *r 

<49> 57 #7}HH^ ^ V 7l 51 PPG ^DlEif Ol-g-^ 0 ^ ^"71 55 ^Tjlofl 

*1 ^3*83 PPG cflolE^ ^sf^ 2)^7}o] iieiiA <a cj | if ^AV^Vcl-. 5 7 #7|H1 
< 50 > £ 9-g. 91 ^HH^ 7l^^d M-^S ^-S-^^-Sl als 

87fl fEfliS ^-^>JL, WIS Cfl^ D)lo)E^o] 87)1 #Sfl^ ^ ^-Hfli 
Si S^^-i- °>^3T>^ Sfl^- S^H] cfB^ AE^|i ol^S 7}#i&X^. ojufl ^^>c^^l 

iislli Si^-i- SI_l°l^ ^s^n, ^ ioo# 

<51> 
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[5. 3] 









A 




SI = SI - 20 


i B 




SI = SI + 5 


C 




SI = SI + 15 


| D 




SI = SI + 20 


E 




SI = SI + 30 


F 




SI = SI + 40 


G 




SI = SI + 50 


. H 


"J^-Sr *I^5Sl*9 < 


SI = SI + 60 



<52> cf-g-, 93 3:3Hl A ife ^3.11 ^&-§- 7l^o.S s]-^ 'Fast PPI Count %'« 

'Fast PPI Count %'7> ^ ^flMW «1:51SH ilefli <£t^ 

# ^tlcf. oflg. s.o 1( cf-g- S 4 ci| ^Aiofl nj.ej. ae e |a ^-g- 37fl M^S. 
S-S-SMl, «1S cfl^ dlolE^ol 37 fl #efli # ^ .#Hfl^ *fl 

# 14 ilJfli Sl^S 7>^*lcf . ojnfl ^§>o^^] ae^]a ojeil^l- SI_2°1 
5} ^s]e}Jl, 3|tfl 100* 

<53> 4] 





2: V 




A 


fast PPI count % ^50 . 


SI = SI - 20 


B 


50 < fast PPI count % ^60 


SI = SI + 15 


C 


60 < fast PPI count % 


SI = SI + 35 



^ PPG Cfl0lB]lfl0fl^ 3\3L& 50 °l#<y*ll- ^2: 3X)£L7j; 

25 Ti^^S] 5t]^7i 7_>3 AjTfl^ CflolE^* cfl o] B\ *\] E _1 
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_2, ... HHEHlS._n ^-JLsL 344-4 wis 4443-4 ^7flo]ig 2 ^1- tfl-g- t 3^* 
^44^1, ^ in c-flolE^ol xfl 7 fl 4 #4^ i ^o] AN0VA 3=1^ ^444 p 
*>4. 44 p 4^°-5. 0.051iL4 3^ <£3444 ^s>i, 0.05114 4 

*<L>34-43. ^ 444, p SHI 4tt ^5- 0.051- 

7l^o.S 4 4-g-444 *r 544. 4» 1-4, 4-S- a 54 S#44 44 ^ 

4^ °14^* 47fl fEflii ^-^>ZL, aim t-flolE^o] 4 7fl #4^ ^ ^.^ 

#efl^4 ^4*3 4^ S^ofl 4 si- ^J=4^ ^l^l^l- 7>#44. ojnfl ^> 

4^ iMeii SI_344 3 21 4^ , 44 100^g- 2:444 t!:4. 

<55> [S 5] 









A 


p & 2:0.05 


SI = SI - 20 


B 


0.01- 5t < 0.05 


SI = SI + 15 


C 


0.001 ^p SJ: < 0.01 


SI = SI + 25 


D 


p & < 0.001 


SI = SI + 35 



<56> cf-g-, 95 #444tt ^-§-^£-4 ^l^^^^^r 7]^SL3_ 4^ 'Small AC Count %' 

# 44t>4. :±4^, 'Small AC Count %'7> ^ ^44°ll #*1I4-tt4« 4^44 i 
^14^-1- ^44. 4-1- 1-°!, 4-§- a. 64 s^4°ll 44 ^sefl^ oi^iH 
37fl tes -S-^-4^, 4^ 4-tf4 44434 37fl #4^ ^ ^-3 #4^4 s^i4* 
nv^4^ 4^- 2:3*11 44 ^J=4^ ^14^» 4#tb4. 44 ^44^1 ^H4^ 91 
Si_444 344^, 44 100-i- ^444 t!:4. 

<57> 
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IS. 6] 





2i Q 




A 


small AC count % =£50 


SI = SI - 20 


B 


50 <small AC count % ^60 


SI = SI + 15 


C 


60 < small AC count % 


SI = SI + 35 



<58> ppG ^}o]B\2] Cf^ Zl^l^ ^l^tl ^"fr 3-8-«H ^7>^ 

^ PPG ^olEivflofl^ ^ ufl=-^« o} ^7]. 50 ol^-ol^]§. ^^-JI, o]« nV^^ 2] 
3: 25 «i^fl ^^^W^] ^^^-^ Al^<I cflolE^l- C-Ho] 

Ei^E_lol^ ^^JI, ^ 25 7flo)1 ^-^^ D _fl=-^«o] AlTjll dHEi^-g; 

-§- t ^l^i, tilJH cflolE^ol >Hl^fl ol^Vo]^ i ^flo] AN0VA ^^1- p 

&o- °H p ^Ite 0.05^.4 ^ ^^M^ *H^}JL, 

0.05ULT} ^-Efl^ J^^. ^ d >M^, P «H ^tb il^li ^5. * 

0.051- 7l^o.S d| >Hl-gr5HH ^ #<H, 4-§- S 79] S^A] 

ofl °J«!i^ 47fl f^S -g-^}:n. tili2tfl#<2] cflolE^ol 4 7l] #sfl^ 

^ ^ §5fli2] 2:?H nJ-H} ilJfli °]^* 7>^tl-4. 

o]nfl AEf|A -ycji^l- SI_5^lB} 33*K>I f 2|cfl 100-i- 3:4^1 ?}-cf 

<59> 
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[5. 7] 









A 


p St i>0.05 


SI = SI - 20 I 


B 


0.01 St < 0.05 


SI = SI + 15 


C 


0.001 ^p St < 0.01 


SI = SI + 25 


D 


p St < 0.001 


SI = SI + 35 



<60> #714 It*] PPG Cflo]El ^A]^V4 #cfofl 444 cj7l °J^iS)- #7] 

iiefli 4^i* ^ ^ $14. cj-71 iSBlli 4^(97)^r SI_1, SI_2, SI_4S, 4 
71 ilE|A oiei^( 98 )^ si_l, SI_2, SI_3, SI_4, SI_5S 44sH4. SI_1 4*1 SI_5 
44^1 ——&!]— 4^°ll s)cfl^^- 4^4 ^, °1» 7lti>o.S. iie ^ 

7>4 ^ $14. ^1* *<4 314^1 5g44 SI_1 m^l SI_5 44^1 iM^li 4^°11 *fl 
4 ^3M- iooas. ^ji, 4-i- ^44 2 m ^44 34 4°1 «fl^ ^^1^ 
cfl#o.s. ^S.(Stress Index %)-& 3144 ^ $14. 

<6i> [^44 2} 

<62> #7l Stress Index % = (3M Stress Index 4 / 300) x 100 

< 63 > [^44 3] 

<64> cf7l Stress Index % = Stress Index 4 / 500) x 100 

<65> ^, 57 43H4 : & PPG CflolE^ ^^Al4^ ^ofl 47I E|il$l- 47l Efl 

^514^ «.^o. ^144. oj)^. i-oi, 47I rfl^H^ ^44°1 l-S- 

^14°^ ^-f 4°1, 471 Efl^E^ i^ ^44 £?h4 ^ $14. 

<66> cfAi £ 55. -n- 4 71-4 , 59 43H4^ 47} 57 43H4 £#4 ilefli 4^1^ 
4 441:4 i^^l^ 4^(Stress Index %)# S*144. S44^4 4^ 4 
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il^li ^ ^ ojo.^, ilefli ^(Stress Index 

o^cf. ofl-I- #<>| , £ 10£^1 <*HH iL°)Tr iSJilA ^7}^. 

^r, 43%» 7l^o.S i0% ^^IHH^ ^(Normal ^ ^ H , o] 7l§o.S 

% ^3.^7} i^elli ^7>, % ^^7}- ^•o>^l ^ ±le|i7} ^-if-ASMl fi 

Sji(Relax)« #^ ^-Bfls. ^ 5^4. 

£ ll£- ^^^HH] nj-^- -g-^nfl^ ol-g-^V o]^ o_V^ £ 3g 7 H^l^l ^ 

M-bJ-^ l-^-SLsL^, PPG ^-?-(101), ^ ^ ^b^«-(103), ^1S^&1^-(105), 
^^(107) ^ &*mi09)sL ol 

£ 11^- #2^, PPG ^-^(lOl)fe £ 7a Hi^r £ Yb<^l t>><4 ^-o] 

^^)7\ ^7}^-% 'C 7> ^Efll- 7}*M, ^7>^, ^7}^ cr^ ^ o]^l 
^H^o] ^o) m^s^ PPG!- #^fV4. °H, 

^l^^sl^-(105)s] ^o^ofl nj-ef^ s^tf. ^ ^ ^1^(103)^ 
PPG ^^^-(lOl)^H-l PPG H$L^t EfllS ##^1^1 c]~g- ^B^H 

*fl7ith}. 

^Is^e]^-(105)^ ^ ^ €^^(103)^-^ afl^fe Aj^^jf Ei s.^ ^ojj^ 
^ PPG ^#*}<^ cf-§- ( ^ ^a1;t_H1 tfl*} 

°i PPG^I nfl^-g-O] ^3L > 7 )^^ ^-Aj-^o^ ^ 3] 3^1" &m ?i\&Z}jL, o]S. pp G ^ 
^Sfl- <=>!-§-%}• ^7>« 0 >^* ^« ^ $"1^ HS.Zl^ol 7l^-£]ol 
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<?o> 7i#^-(107)^r ^JL*13^-(105)2l ^a)^* X\%Z}JL, fiA] «.(i09)^ ^ISL^elY 

(105)3 *]r%%^ C^^^Eflo)^ A>-g-^Hl^l 
<7i> *V^, a. i^tgofl 4^- ^1^1 PC^^l ^-8: S^ZLA^ ppg 

^#^-(101)^ t-flolE^l- 3^SRr «o^* *fl«l«H ^^SL^B] =L ^ 

nflB^l- ^#^-O.S.M] o^le]^ TjefSr^jv <£#*|M- ^A]^ o_S.*\ PPG ^#^(101) 
#^5^(105)7} ^-€^Rr ^-E-CStand Alone) ^-2.5. ^fj- ^ 

91^ ^^Brr ?A°) 7>^>^. a)}^ ^ > PPG# oj-g-tt ^1^1 °J:^£ ^7>«j- 

^ ^^£3 ^ ^ 7l^^d y-AV^^^ S^V^ PPG ^ 

^r^#3H S^HKH, #7l ^l^V^jiLJfEi PPG #JL» i^Sj 7l-§-<# 
^*Hr *fl2 S^ZL^, ^ #71 *fll HSZL^ofl ^^j^ ppG 2|-E)-nlElofl e^SH, 

#71 PPG #5151 #^1^0} ^ofl 4^ #71 ^|AE$} Cj7l ^-El^AlsH 
0 J^£t ^7HHr ^13 Sia^f ^^-B^7> 4 1 71^-nfl^Hl 7l^-A]^ 

^ 9X^. tb^, ^^7> ^ 5^ 71^-^^^ ^^Ei Al^Eflofl o]^ ol 

^ T SU^r ^1°1^7} 7^#S)^ £H 7l^-#^l# i^-^Cf. ^^]7\ ^ 

9Xtt 71^-Dfl^l^ ofl^i- ROM, RAM, CD-ROM, 7>7l tf[o)z. t ^^^3., %*\}°}*\ *i# 
#*1 9X^, S*V f^o] ^)o)w(^ ^o] oiE|^^- ^ #^)3 ^EflS. ^3 

^ i-t^K ^ ^^7} ^-1: ^ 5U^r 71^-Dfl^l^ ullE^^S ^^Ei 
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<73> zl^JL ^-^*>7l 7l^^ ^(functional) SiH^, S2= ^ ^ = 4 

<74> ^V#*)- W}<4 ^-O] ^ ^ofl O^Slg, ppG Aljrofl cfl^ ^cq<g ufl^-g-O} ^^3g 

^ 717^ ^-AV^^^. Ol-g-^c^ AEeflA ^£1- 

<75> SEtl", 4^ ^7>^- ^ o}u|e}- ^Jfom ol^o^ ^^o} ^o] «- 

5L£ ^» ^iWiE £-*M 7>^^>£^- PPG ^^^11- * *r 

S. 7]# -g^o] ^.>£o] ^.g. 7> ^l ojj^Ei t^fc ^ gg ^ 

^17V 7>^^tq-^ olgfl^ t^t}. nJ-SW, £ wV^o) 71^^ ^ ^ 
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[3^8- 1] 

(a) ^^^-^ 3.1} #3 % 3L«-*Hr PPG ^^1^1- 

^*Rr #31; 

(b) ^*}JL7.\ *}±r #-§-*Rr *>M- j^S) ^ ^ 

#31; ^ 

(c) ^7] (a) #3HH PPG s|-e|-n]E^l e^^o^, #7] PPG 

#<EH1 4^ ^-71 Efl^^sf #7l iE E |A o]«]i 

13^* 2] 

*U %H1 &M>H , <#7] (c) #3l^r #71 iE^r ^-7lEll^Ho] ^ o. 

(Cl) ^oM <M*1?H dl^H A oM nWJ£^«.^ cj-711; 

(C2) ^"71 ^^Al^oH cfl^ #7) 7 )^# $\ Q ^7} "A^^Z) Zl^^ti 

(C3) ^"71 ( C 2) #3HM°} tilJE^^, ^-71 717^ ^^Sf ^-71 ^-g^-g^ 

^-2-&4^ of^i ii^li °je|if ^>#^ #311- S^Vxr -g- 

°1 ■§-?}■ *]*flsj #^£. ^7>« 0 v^. 
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3] 

*IU *M 9X°]*), #7l (c) #31^ ^7lEfl^EO] ^o. 

(cl) #71 ^Al^ofl cfl^H #71 sl£EL# #3°1 sg^a-g. ^*Rr #7fl; 

(C2) #71 ^^TH^ ^ tfj^ ^1^21 ^ofl cfl^H, # 7 ] ^ 

^^cf ^ ^3?! ^21 ^ ^-71 ^51 ^^^cf e ^£1# ^ 

# Tfl^Hfr #71]; 

(c3) #71 3x}£i# 3g^-^cl- ^ 3H3?J: 71^^ ^sf #71 sl£i# #30} 

^^UH} ^^^1 #3 3 ^°1 ^.^jofl aj.^ #cfl^o] ae E |a <?m>i# ##*} 

TT #7fl» i^V^r -g-3 D «» o}-g.^ <^1£1 ^7>«^. 
[^^# 4] 

*U *<H SU^i, #71 (c) #7^ ^7} 1]) ^1=91 3-?- 

(cl) #71 ^Al^ofl cfl^ #^1 tflsH #71 3t|£i# #3-§- ^ 

SRr #711; 

(c2) #71 3i]=3.# cll^H ^ #^ ±$ 7^2) clM^S* 

^ #711; 

(c3) #71 ^£ UMb^UM ^6fl n)-BH ^°1 ^t^o] hJ-^^- ^a1^ # 

?ll; ^ 

(C4) #7l ( C 3) #71121 ^A^aZf £#5l^ p &21 37H1 i^.^ 
^l^if #7111- i^Rr -g^^ ol ol^o^ o>^ £ 5|7l-^. 
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[3^8" 5] 

*fll %H1 #7l (C) ^|El]AEO) ^o. 

(Cl) #71 <M*1*HI tfl*H #71 ^^^ti^r ^*Rr ^1; 

(C2) #71 ^Al^Rflo} ^ njj^^^o^ ^l^^^^Sl ^ofl tfl*M, #71 

£3 *l=-^^iLnf ^ -af #71 ^-^#^-51 €• 

(c3) #71 ^^#^-51 ^-s-sg-^smtl- €■ ^l^^^^^l ^ #71 ^-f^M 
^^-^Cf ^ ^l^^^-^^l ^2] $r7\M fys}-*] #tfl^«y ileflA <?l^il- ##*> 
^^11" i^Kr Ol-g-tt ^1^51 «?>^£ ^7>^. 

6] . 

*U *cHl Sl^H, #71 ( C ) #31^ #7lBfl^S<y T^o. 

(Cl) #71 ^^Al^Hl tfl*H £ ^ ^ ^ofl cfl^cxl ^-71 nfl^a.o) ^s.^. 
(c2) #71 °J]-§-^-g-<>l *}^H] tfl*H ±^ cflolE-1^ ^ 

A «^Hr #31; 

(c3) #71 ^€ ^olEi^Eo^ -o]) ^7fl^<y #^ ^Al^ £ 

31; ^ 

(c4) #71 ( C 3) ^-Tllsl ^Al^ul- £#£l^ p ^ 37lo1 ] oj.^ o]^^ ^Eefli 

<?l^>il- ##*Rr #311- S^Hr -g-^^S)-!- ol-g-^- o]^o) o>^ £ 5g7K>^. 
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l^tt 7] 

^# cfl-g- t 3** tilS tflolEi^-o] jfl 7 fl o]^-ol^ i ?|ol ANOVA ^#^r ^ 

*l*Rr -g-^^sj-l- ol-g.^- o]^l^ Jg 7 >« 0 >^. 

13^* 8] 

*fll *M 91°)^, ^7) (c) 

(C3) #7] ( C 2) ^HlA^ tijil^, ^-71 7l7^ «-A>t*o^ ^-71 «J]^£-£) 

&?\M ^Cfl^o] ^1 iE5)|A o]^^l- ^#*Kr 3"7fl; 

(C4) #7] ^^Aj^iflo] ^ aj| 5^^ ?J3^ ^ofl tfl^a), #7} 511 H?i 3§ 
5-^:11^ ^ 311 3 ?i ?>3^ ^Sf #7) Z)EL?} ^V^Sl 5§^.^cf a. 5X1 =L# ^ 

(C5) ^-71 5X1 3.?} ^^-^Cf ^ 5Xl3L^> #32] ^<2j- #7] 2l£L^- #3 5] 

^^•^4 ^ 2]S# ^2] ^rTjHl nf-E^ ^Vcfl^o] ^2 ^SEll^ o]^l^* <4- 

#*Rr ^Tjll- i^-SRr -g-^^ 3X1-1- ol-g-^rj- ol^o) o>^ £ ^7>a o >^. 

9] 

^18 1H1 olo^, ^-71 ( c ) 
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(c6) #7l ^Al*KflS] #*ll nfl^^«^ ^jg^&s) ^ofl tfl^H, #71 *J]^# 

^-^i #-=-3§-£&iLti ^ *i#^&si ^4 #7i ^#-£3 ^^smq- €• 

J§ 55Jt^ 31 ^Bf £31; ^ 

(C7) #7l ^^#^ ^IS-^^^d- 3. ^ #71 ^^^-21 ^ 

#*Rr #31* 3 it^m ^141 °l-§-tt <^5L ^7>« c v^. 

10] 

*fll *fl8 *J- S ^19 * ^ %H1 5a°1^1, #71 #^£r 

(d) #71 ( C ) #7lHH ^Al^ #7lEfl^E ^7lE^E^«-Ei A>#^ ppQ 

^sM^Hl. nj.^. AE e |A <yrf)i» 2)f^ il^li <y^)i5. ^*}^ £?fl# 

Cl S^SRr -g-^njfls}.^. ol-g-^V o]-^5L ^7>w o >^. 

11] 

*fll0 ^-ofl Si<H^i , #71 #7l (c) ^711 ol^ofl 

(e) #71 (b) #7lHH <£o^ ppG X\3L9\ J1^4 ^171*1-71 ifl *}o} ^-f- 
*Hl^%*Hr ^7fl# Dl ol-g-^- ol^o^ o>^ £ ^7K>^. 

12] 

*ui %hi sa^^i, #7i ^^a- 

(f) #7l (c) #3HH <£°\Q ^ee^ ^ 3g 7 >^ oi^^l o>^JE« cli# 
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13] 

*|]l ES^^; 

*1H S^ji, ^-7] ^tfltfafls.-?-^ PPG ±.^2) ^*}^ A2 

^•71 ^1 ^^nigHl s\n PPG 2}-e}nlE^i e7i*H, ^7} PPG ^Ji^l ^ 

#^1 *eM Efl^^S}- #71 Efl^E^. ^-Sl^^H o}*j)^ o}^ £ f 5g7). 

*}^r *fl3 7|^-*1 ^EisL ^ S£*r 
14] 

oil 2:^31, ^71 ^tfl^^w.^ PPG ^JL* <£^1#^°J: ^*Rr PPG ^1 

Jl* ^^Rr PPG 

^-71 PPG ^^-S^-Ei PPG 4lJL» "S^tb JlllS 4^- ^3*8 

*M *fl7i*Kr ^ ^ €^-¥-; ^ 

#3 ^ 7l^Al y-AV^^^ S^Hr PPG sHq-nlEi-I- ^ 

Sl^Jl, PPG -4^1 ^T^H, ^ ^ ^Ei^Jf^-tLEi ^1^5L)^ # 7 j PPG 

°l-§-t!: ^l^l <$^5. ^HJ-*!. 
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15] 

*fll4 #7l PPG ^S^Hf ^tfl#*fl7} #^71-^ 7} ^Efl^ j= 

^ 3Lfe -g-^^S)-* ol-g-^l- oisfl^ o>^ £ 3g 7 V^l. 

[^T 1 * 16] 

21114 *M $1°]*), #7l Al^^^tL^ 

#7l ^^Al^l cfl^H #7l ^^^-^ #7l S)EL?} 

^ ^*Kr ^111 7] #71 ^ARHl tfl^o} #71 717-1-tl ^>^Sq- #71 ^^#^^ 
^^SM: tilS^ 2 7l^ ( ^ #71 717^ #71 ^#£-<2l 

^3H1 #^^°J 2111 iMJli °J^^1- ##*Rr 2113 7l^# ^*g*Kr 

-8-3 ^-i- «*l*fl^ °J:^£ ^7>#^1. 

17] 

21116 %H1 #71 ^iL^^r #71 ^Al^Vtfl^ ^£i^ ^o)l 
tfl^H, #71 3t]£L7j ^Sl ^^^^ ^ Z\ELZt ^51 ^<2f #71 3I]£L?_> #33 
^&iU} €• 3]32i ?_>^S1 ^ 3l^r*Kr ^14 71^, ^ #71 Z\3.?V #33 ^^"^ 
4 €■ 5q^^> ^Sl ^2}- #71 s}£i# #33 ^^^cf ^ ^ 

451-2-1 #cH^o] ^ 2 ilJlli <?1^^1- 2115 71^-g; Dl ^*8*Hr -§-3 n -9 

4* °l-§-t}" "£1*113 <£%5. ^7>#^1. 
18] 

21117 ^1 #71 A]^^^«-^ # 7 1 ai^Al^o] #^1 ^#-£3 #3o£ 
^&3 #71 ^#£-3 ^^^^^4 ^Sg5&3 ^ #71 ^ 
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^9] ^flofl Uj-SH ^tfl^o] ^3 Sl^* ^#*V^ A 7 C] ^ 
*3*Rr -§-^^4* °l-§-^ 91^)^ ^7>^1. 
19] 

all 16 *J vfl^l *fli8 *J- # tb IN & oH, ^Ji^e)-^ ^s^a] 

3^ °m^3. ^*Kr m 7)^Sr ^*Kr -g-^ufls).^. o] 
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